Calcium-regulated phosphorylation of proteins in the membrane-matrix compartment of the Chlamydomonas flagellum.
Crosslinking of surface-exposed domains on certain Chlamydomonas flagellar membrane glycoproteins induces their movement within the plane of the flagellar membrane. Previous work has shown that these membrane glycoprotein movements are dependent on a critical concentration of free calcium in the medium and are inhibited reversibly by calcium channel blockers and the protein kinase inhibitors H-7, H-8, and staurosporine. These observations suggest that the flagellum may use a signaling pathway that involves calcium-activated protein phosphorylation to initiate flagellar membrane glycoprotein movements. In order to pursue this hypothesis, we examined the calcium dependence of phosphorylation of flagellar membrane-matrix proteins using an in vitro system containing [gamma-32P]ATP or [35S]ATP gamma S. Using only endogenous enzymes and endogenous substrates found in the membrane-matrix fraction obtained by extraction of flagella with 0.05% Nonidet P-40, we observed both calcium-independent protein phosphorylation and calcium-dependent protein phosphorylation in addition to an active protein dephosphorylation activity. Addition of micromolar free calcium increased the amount of protein phosphorylation severalfold. Calcium-activated protein kinase activity was inhibited by H-7, H-8, and staurosporine, the same protein kinase inhibitors that inhibit the calcium-dependent glycoprotein redistribution in vivo. A small group of polypeptides in the 26-58 kDa range exhibited a dramatic increase in phosphorylation in the presence of 20 microM free calcium. We suggest that Chlamydomonas utilizes the intraflagellar free calcium concentration to regulate the phosphorylation of specific flagellar proteins in the membrane-matrix fraction, one or more of which may be involved in regulating the machinery responsible for flagellar membrane glycoprotein redistribution.